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Subject: Comparison of Body Drive and Gimbal Drive FINDCDUW Routines 


Two FINDCDUW routines have been written and are both fully operational. The 
first routine, called "body-drive" runs largely along the lines specified by the 
lunar landing GSOP. The second routine called "gimbal-drive" has identical 
interfaces with the users and with the autopilot, but features a completely 
dMerent concept for determining the required maneuver which at once is 
simpler, computationally more direct, and completely avoids gimbal lock in 
all cases where the input commands do not determine a terminal attitude in 
gimbal lock. The body-drive version, on the other hand, may produce a 
maneuver which passes through the gimbal lock region even though the terminal 
attitude is outside. A gimbal lock protection fix has been incorporated in the 
body-drive version to stop the middle gimbal angle at the boundary (70 deg) 
but this will have the effect of reducing the maneuver rate and may arrest the 
maneuver entirely if the gimbal lock cone is approached at a right angle. This 
situation is not unlikely in an abort during a lunar landing. 

In addition to avoiding gimbal lock, the gimbal-drive version is faster by 15 
to 25 milliseconds during phases where radar is in operation and execution 
time is critical, and this version provides basic subroutines which may be 
used by other programmers to further relieve the present execution time 
problem. 

As I understand NASA's direction concerning gimbal lock avoidance, MIT 
is not to incorporate gimbal lock avoidance if it entails any considerable cost. 
Items of cost which must be considered are development time at the expense 
of schedule, computation time, program length in word count, and degradation 
of the performance of the guidance and control system from the standpoint of 
main engine or RCS propellant consumption, degraded thrust pointing, or other. 
It should not be necessary to prove that the gimbal-drive version is 
superior in all respects. Considering that it has at least one major- 
advantage, it should only be necessary to show that it has no compensating 
deficiency. The following table will show this to be the case. 
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Summary: 

The primary difference between the gimbal drive and body drive versions of 
FINDCDUW is that the gimbal drive version avoids gimbal lock completely 
on any maneuver in which the terminal attitude is not in gimbal lock. This 
makes the PNGCS abort guidance not dependent upon manual intervention. 

In contrast, the body drive version may produce a maneuver penetrating the 
gimbal lock cone even though the terminal attitude is not in gimbal lock. 

This could require manual intervention to maneuver around the gimbal lock 
cone, and during the process excessive main engine propellant would be 
consumed and the trajectory would be impaired. 

The gimbal drive version is faster and also provides basic subroutines which other 
programmers can use to further relieve the present execution time problem. 

All other differences between the two routines are insignificant. Therefore 
we should use the gimbal drive routine. 


